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Disclaimer 


This  rqjort  was  prepared  for  the  Ontario  Ministry  of  the  Environment  as  part  of  the  Ministry's  information 
transfer  activities.  We  hope  that  the  report  will  provide  perspective  and  encourage  discussion  in  a  rapidly 
changing  technological  world.  The  views  and  ideas  expressed  in  this  report  are  based  on  interpretations 
of  various  referenced  authors  and  do  not  necessarily  reflect  the  position  or  pohcies  of  the  Ministry  of  the 
Emironment,  nor  does  mention  of  trade  names  or  commCTcial  products  constitute  endorsement  or 
recommendation  for  use. 

Any  person  who  wishes  to  republish  all  or  part  of  this  report  should  obtain  permission  to  do  so  from  the 
Environmental  Technology  Services  Section.  Industry  Conservation  Branch,  Ontario  Ministry  of  the 
Environment,  2  St.  Clair  Ave.  West,  14*  Floor,  Toronto,  Ontario,  M4V  1L5. 
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Executive  Summary 

Internal  combustion  engines  in  vehicles  emit  airborne  hydrocarbons,  ozone,  carbon  monoxide  and  other 
conpounds  which  pollute  the  air.  Cars  and  trucks  also  are  significant  sources  of  carbon  dioxide  which  may 
contribute  to  global  warming. 

Electric  vehicles  which  use  systems  such  as  batteries  and  fuel  cells  to  power  them  do  not  directly  emit 
pollutants  or  carbon  dioxide  and  they  promise  significant  environmental  benefits.  A  number  of  technical 
and  economic  inpediments  must  be  addressed  however  before  the  marketplace  accepts  EVs.  These  barriers 
include  lack  of  suitable  infrastructure,  an  mability  to  quickly  charge  large  numbers  of  batteries,  a  limited 
number  of  models  and  higher  cost. 

The  lack  of  suitable  battery-manufacturing  facilities  also  is  a  primary  irrpedimsnt  to  the  mass  production  of 
EVs.  Current  battery-manufacUiring  plants  are  only  pilot  scale  (e.g.  S30  million  capital  cost  per  plant),  with 
each  plant  annually  making  less  than  5,000  batteries.  However,  mass-production  plants  (e.g.  $500  million 
capital  cost  per  plant)  should  be  operating  by  2001  or  2002. 

Much  recent  attention  has  focussed  on  California  and  its  ZEV  legislation.  The  original  legislation  required 
OEMs  to  sell  electric  vehicles  in  the  state  by  1998.  However,  automobile  manufacturers  and  the  oil  industry 
argued  that  consumers  would  not  buy  early  versions  of  EVs  due  to  their  high  cost,  limited  range  and  short 
battery  life. 

The  California  Air  Resources  Board  (CARB)  amended  the  legislation  in  March  1996  removing  the 
requirement  that  two  per  cent  of  model  year  1998  vehicles,  or  approximately  22,000  cars,  must  be  EVs. 
The  CARB  instead  agreed  with  the  seven  large-volume  OEMs  that  they  each  would  produce  3750 
advanced-technology  demonstration  EVs  by  2003. 

This  revision  raised  questions  for  the  states  of  New  York  and  Massachusetts  which  had  adopted  the  original 
Cahfomia  ZEV  legislatioa  Massachusetts  has  since  adopted  the  revised  law.  However  New  York  state 
continues  to  mandate  that  2  per  cent  of  new  vehicles  sold  in  1998  in  the  state  must  be  EVs.  Financial  penalties 
will  be  incurred  by  the  OEMs  if  this  level  is  not  met. 

The  lone  market  opportunity  in  Canada  for  electric  vehicles  currently  is  the  Vancouver  area  because  of  its 
moderate  climate  and  the  support  for  EVs  by  the  provincial  government.  However,  EVs  will  have  to  be 
accepted  widely  in  cold  climate  areas  throughout  North  America.  An  estimated  population  of  300  million  is 
needed  to  sustain  a  viable  EV  automobile  indiistry,  yet  seventy  per  cent  of  the  population  in  North  America 
lives  in  cold  climate  areas. 

The  introduction  of  EVs  in  Ontario  would  bring  significant  environmental  benefit.  Annual  emissions 
from  the  transportation  sector  in  the  province  currently  total  630,000  tonnes  of  NO,,  390,000  tonnes  of 
hydrocarbons  (HC),  3.6  million  tonnes  of  carbon  monoxide  (CO),  and  48  million  tonnes  of  carbon  dioxide 
(CO;).  Replacing  an  ICE  vehicle  with  an  EV  reduces  emissions  of  NO,  by  88.1  per  cent,  HC  by 
93.9  per  cent,  CO  by  99.6  per  cent  and  CO,  by  75.8  percent  (Heath  et  al,  1994).  If  EVs  comprised 
one  per  cent  of  the  of  the  highway  transportation  vehicle  fleet  in  Ontario,  annual  emissions  would  be 
reduced  by  5,500  tonnes  of  NO,,  3.700  tonnes  of  HC,  35,900  tonnes  of  CO,  and  363,800  tonnes  of  CO,. 

Canada  could  also  benefit  economically  from  the  wide  introduction  of  EVs.  Opportunities  to  develop  and 
manufacture  motors,  motor  controllers,  batteries/fuel  cells,  charging  systems,  and  advanced  technologies 
such  as  flywheels  would  be  created.  The  manufacture  of  "gliders"  for  the  California  market  would  also  be 
an  opportunity  for  domestic  branch  plants  of  the  Big  Three  automobile  manufacturers. 


1.  Introduction 

Internal  coni)ustion  engines  in  vehicles  emit  airborne  hydrocarbons,  ozone,  carbon  monoxide  and  other 
conpounds  which  pollute  the  air  in  major  cities.  Cars  and  trucks  also  are  significant  sources  of  carbon  dioxide 
which  may  contribute  to  global  warmmg. 

Catalytic  converters  on  vehicles  cut  emissions  of  many  pollutants  by  more  than  90  per  cent,  but  they  are  not 
the  only  solution  to  the  problem.  Catalytic  converters  also  do  not  reduce  emissions  of  carbon  dioxide. 

Electric  vehicles  which  use  systems  such  as  batteries  and  fuel  cells  to  power  them  do  not  directly  emit 
pollutants  or  carbon  dioxide  and  they  promise  significant  environmental  benefits.  A  number  of  technical  and 
economic  impedimsnts  must  be  addressed  however  before  EVs  are  accepted  in  the  marketplace.  This  report 
focuses  on  battery-powered  EVs  for  the  light-duty  vehicle  market. 


2.  Background 

The  electric  car  made  its  debut  in  Berlin  in  1 882  and  it  dominated  the  streets  of  Europe  and  America  until 
1910.    Electnc  propulsion  seen^sd  as  likely  a  fuel  for  transportation  as  gasoline  in  the  early  years  of  the 
automobile.  Each  method  had  its  advantages,  but  neither  emerged  as  a  clear  choice  of  consumers. 

The  invention  in  1912  of  the  electric  starter  to  replace  the  hand  crank  for  gasoline-fuelled  automobiles, 
combined  with  Henry  Ford's  ability  to  mass  produce  the  gasoline-powered  automobile,  secured  the  future  of 
the  ICE.  Enthusiasm  for  EVs  waned  although  interest  in  them  remained  with  enthusiasts  and  automobile 
OEMs. 

The  development  of  EV  technology  has  accelerated  since  the  late  1980s,  but  not  because  of  normal  market 
forces.  The  market  for  EVs  has  been  created  by  legislation,  particularly  that  enacted  in  California  in  1991 
in  response  to  severe  air  pollution  problems  m  the  state  and  notably  in  the  Los  Angeles  Basin. 

Air  pollution  is  not  as  severe  in  Canada  as  it  is  in  California,  but  automobiles  and  the  burning  of  fossil  fuels 
cause  much  of  the  pollution  which  threatens  the  quality  of  the  urban  environment.  Vehicles  also  are  a 
significant  source  of  greenhouse  gases.  Canada  has  a  large  supply  of  relatively  "clean"  electricity  from  its 
variety  of  hydro,  nuclear  and  fossil-fuelled  generating  stations  which  means  that  EVs  could  reduce  emissions 
of  greenhouse  gases  per  vehicle  mile  by  60  per  cent  and  ozone-related  emissions  completely  (Webb,  1993). 


3.  The  State  of  the  Technology 

Electric  vehicles  have  pronpted  the  further  technical  evolution  of  conpDnents  which  have  been  originally 
designed  and  refined  for  the  ICE  autonaobile.  These  areas  include:  vehicle  aerodynamics,  high-strength/ 
hght-weight  conposite  materials,  high  efficiency  motors,  energy  storage  systems  which  deliver  both  good 
performance  and  driving  range,  regenerative  braking,  low  rolling  resistance  tires,  and  advanced  electronics 
such  as  motor  controllers  and  ultra  capacitors. 

A  number  of  technological  and  market  barriers  still  must  be  overcome  before  EVs  are  commercially  viable. 
One  major  area  in  which  progress  is  needed  is  in  storage  batteries  and  fuel  cells.  Tliese  systems  must  have: 

►  high  energy  density  (for  long  range). 

►  high  power  density  (for  good  performance). 

►  fast  recharging/refuelling  time. 

►  long  cycle  life. 

►  conpetitive  first  cost. 

Issues  which  must  be  addressed  to  promote  public  acceptance  of  dedicated  battery-powered  EVs  include: 

►  it  must  be  a  second  family  car. 

►  what  percentage  of  the  population  can  afford  to  buy  a  special-purpose  car? 

►  would  tax  incentives  encourage  consuimrs  to  buy  EVs? 

►  consimiers  are  unlikely  to  spend  much  more  on  EVs  just  to  benefit  the  environnent. 

►  the  infrastructure  needs  to  support  the  wide  use  of  EVs. 

The  scope  of  the  study  here  is  limited  to  the  overall  vehicle  and  the  motor  and  energy  storage  systems 
(e.g.  traction  batteries  and  flywheels). 


3.1         The  Vehicle  -  Purpose-built  or  Conversion 

An  EV  is  a  vehicle  with  an  electric  propulsion  system  The  basic  requirements  are  a  power  source  such  as 
a  battery,  flywheel  or  fuel  cell,  a  motor  controller  and  an  electric  traction  motor. 

Electric  vehicles  may  be  conversions  of  existing  ICE  models  or  be  purpose-built.  Both  types  are  being 
developed  worldwide  by  large  and  small  automobile  OEMs  (Table  1).  Vehicles  such  as  the  General  Motors 
S-10  pickup.  Ford  Ranger,  Chrysler  EPIC.  Solectria  Force  and  Toyota  RAV4-EV  are  EV  conversions. 
They  consist  of  a  "glider"  (i.e.  a  car  frame  without  an  engine)  fitted  with  EV  conponents.  The  BMW  El 
and  E2,  Honda  EV  Plus,  GM  EVl  and  Solectria  Sunrise  are  designed  and  developed  as  EVs. 

Bombardier  Inc.  is  one  Canadian  OEM  of  EVs.  The  company  makes  a  two  seat  Neighbourhood  Electric 
Vehicle  (NEV)  in  Sherbrooke,  (Quebec.  The  NEV  is  designed  for  short-distance  residential  travel  and  it  is 
targeted  at  the  nearly  90  per  cent  of  drivers  in  North  America  who  travel  less  than  15  km  per  day  in  their 
car.  The  National  Institute  of  Standards  and  Technology,  which  is  the  US  equivalent  of  Transport  Canada, 
will  shortly  be  estabhshing  regulations  for  NEVs. 

All  these  EVs  except  those  from  BMW  are  commercially  available.  Automobile  OEMs  however  will  need  to 
diversify  the  range  of  available  EV  models  if  they  are  to  comply  with  legislation  in  California  and  elsewhere 
that  requires  by  2003  that  10  per  cent  of  sales  of  new  vehicles  must  be  EVs.  As  an  illustration,  the  highly 
popular  ICE  powered  Ford  Taurus  currently  constitutes  only  2  per  cent  of  new  vehicle  sales  in  North  An^rica. 


Table  1  Worldwide  EV  Development  Programs 


N'ehide 

Developer 

Type 

Siatu.s 

Battery 

Motor 

Range 
Federal 

Urban 
Driving 
Schedule 

ikm: 

Top 
Spd. 

Cost 
(Cdn) 

El's: 

BSfA'tnique 
MobihtN 

4-passenger 
car 

CorKcpt- 

NaNiQ 
200  kg 

BDCPMM 
32  kW 

240 

120 

N  A 

Neighbourhood 
Electric  Vehicle 

Bombardier 

2'passenger 

sub-compact 

car 

Commercially- 
available 

Sealed 
Pb-acid 

SRM 

50 

40 

$10  k 

EPIC 

Chrysler 
Corp. 

Passenger/ 
Cargo 
muiivan 

Prototype 

Pb-acid 

SCIM 
46  kW 

1«0 

105 

S135 
V. 

Ranger  EN' 

Ford  Motor 
Co. 

Pickup  ttuck 

Commcrcialh - 
available 

Sealed 
Pb-acid 

SOM 

80 

120 

$43  k 

EVl 

1 5*  Generation 

Impact) 

General 
Motors 

2-passenger 

sub-compact 

sports  car 

Conmercially- 
a\-ailable 

Pb-acid 
500  kg 

or 
NiMH 

SQM 
102  kW 

105  Pb-acid 
220  NiMH 

125 

S47k 

Impact 

General 
Motors 

2-passenger 
sub-compact 
sports  car. 

Prototype 

Pb-acid 

500  kg 

sa.M 

102  kW 

190 

120 

S95k 

Che\7  S-10 

General 
Motors 

Pickup  truck 

Commercially- 
available 

Pb-acid 

635  k2 

SCLM 
85  kV.- 

100 

120 

$45  k 

EVPltis 

Honda  Motor 
Co. 

4-passenger 
high-hat 
waeon 

Commercially- 
av-ailable 

NiMH 

BDCPMM 

205 

130 

S72k 

Nissan  Praine 

Jov 

Nissan  Motor 
Co. 

4-passenger 

elecinc  van. 

Available  in  199 

Li-ion 

BDCPMM 
62  kV,- 

>200 

120 

N  A 

106 

Peugeot 

Compact 

passenger 

car 

Commercially- 
available 

NiCd 

260  kg 

SCLM 

120 

90 

S25k 

Sunrise 

Solectria 
Corporataon 

4-passenger 

sub-compact 

sports  car 

To  be 
commercialized. 

Pb-acid 

or 
NLMH 

2  SCLM 
21  kW 

175 

120 

$20  k 

Force 
(Geo  Metro) 

Solectria 
Corporation 

4-passenger 
contact  car 

Commercially- 
available 

Pb-acid 

or 
NiMH 

2  SCIM 
21  kW 

160 

11? 

$60k 

R.AV4-EV 

ToyoU  Motor 
Corporation 

4-passenger 

sports  utility 

vehicle 

Commercially- 
available 

NLMH 

BDCPMM 
45  kV.- 

195 

130 

N  A 

32         EV  Motors 

A  motor  for  an  EV  nwst  be  compact  and  light.  The  motor  can  be  mounted  in  the  transaxle  whidi  connects 
the  two  driven  wheels  to  keep  transmission  losses  between  the  motor  and  the  wheels  as  low  as  possible. 
The  Ford  Ranger  uses  this  system.  An  alternative  is  to  build  the  motors  directly  into  the  wheels  of  the 
vehicle  as  in  the  GM  EVl  (WMCCL.  1994). 

Variable  torque  and  speed  control  are  essential  for  EV  propulsion  systems.  Direct  current  drives  have 
been  used  widely  for  EV  propulsion  systems  due  to  their  simple  controllability.  Recent  advances  in 
semi-conductor  technology,  power  electronic  con^onents,  and  high  speed  microprocessors  have  iacreased 
the  popularity  of  AC  drives  over  DC  drives. 

The  three  types  of  electric  motors  which  currently  are  most  suitable  for  EV  propulsion  systems  are  the: 

►  squirrel-cage  AC  induction  motor  (SCIM). 

►  switched-reluctance  motor  (SRM). 

►  brmhless  DC  pCTmanent-magnet  motor  (BDCPMM). 


3.2.1      Squirrel-Cage  AC  Induction  Motors 

The  design  of  SCIMs  for  variable  frequency  drive  ^phcation  is  quite  different  from  the  conventional  fix 
frequency  motor  design.  Squirrel-Cage  AC  Induction  Motors  typically  are  \ised  for  constant  speed  work. 
Electric  vehicles  require  constant  horsepower  over  a  wide  speed  range.    Most  current  EV  development 
programs  such  as  those  in  Table  1  utiUze  SCIMs  (WMCCL,  1994). 


3.2.2     Switched-Reluctance  Motors 

Switched-Reluctance  Motors  have  a  ver>'  simple  and  rugged  rotor  and  they  produce  more  output  than  a 
SCIM  of  the  same  size.  The  rotor  for  a  SRM  has  no  windings  which  means  lower  rotor  losses,  it  is  easier 
to  cool  and  it  can  be  run  at  a  ver>'  high  speed.  Westinghouse  Motor  Company  is  currently  investigating 
the  use  of  SRMs  for  EVs  although  their  design  for  this  appUcation  is  still  in  the  development  stage 
(WMCCL.  1994). 


3.2J      Brushless  DC  Permanent-Magnet  Motors 

Brushless  DC  Permanent-Magnet  Motors  are  capable  of  higher  specific  output  which  means  that  they 
are  more  compact  and  lighter  compared  to  SCEMs  and  SRMs.  Motor  weight  can  be  reduced  by  30  per  cent 
by  using  permanent  magnets  instead  of  wound  field  poles.  Motor  efficiencies  are  high  because  power 
losses  which  result  from  field  windings  are  eliminated.  Brushless  DC  Permanent-Magnet  Motors  rxin  at 
up  to  6,000  to  7,000  rpm  and  their  part-load  efficiency  may  be  even  better  than  AC  induction  motors. 
Unique  MobiUty  is  one  company  which  is  at  the  forefront  of  BDCPMM  development. 

Obstacles  associated  with  the  BDCPM  motor  which  need  to  be  overcome  include: 

►  permanent  magnets  (PMs)  can  be  accidentally  de-magnetized. 

►  the  high  cost  of  PMs. 

►  the  durabihty  of  PMs . 
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The  Batterv 


Energy  storage  systems  which  are  not  performance  and  cost  competitive  with  hydrocarbon  fuels  are  the 
biggest  obstacle  to  the  commercialization  of  EVs. 

The  California  .^  Resources  Board  batter.-  audit  identified  the  lack  of  suitable  facihties  to  make  batteries  as 
the  jHimar.'  m^jcdintnt  to  the  mass  production  of  EVs.  Cunent  plants  are  only  pilot  scale  (e.g.  S30  million 
capital  cost  per  plant)  with  each  plant  annually  making  less  than  5.000  battenes.  However,  mass-production 
batten,  plants  (e.g.  S500  million  capital  cost  per  plant)  should  be  operating  by  2001  or  2002.  The  batter>-pack 
currently  represents  50  per  cent  of  the  cost  of  an  EV  and  the  cost  of  battCTies  will  remain  high  until  they  can 
be  mass-produced. 

The  high  cost  of  some  t>pes  of  batteries  is  further  compounded  by  their  limited  cycle  life.  A  Pb-acid 
batter\'-pack  lasts  for  less  than  100.000  km  and  it  must  be  replaced  ever\-  few  years.  Limited  cycle  life  is 
of  much  less  concern  with  NiMH  and  Li-ion  batteries  which  can  last  more  than  300.000  km. 

Vehicles  which  use  hydrocarbon  fuels  ha\e  better  performance  and  longer  range  than  \ehicles  that  use 
electrochemical  batteries.  This  is  due  to  the  superior  energy  density,  measured  as  the  specific  energy, 
of  hydrocarbon  fuels.  Gasoline  has  an  energ\'  density  of  about  12.000  \Mi/kg.  The  specific  energ>-  of  a 
typical  Pb-acid  batten,  is  only  30  -  50  Wh/kg  while  that  of  a  Li-pohiner  batten.-  exceeds  200  Wh/kg. 

Gasohne  also  is  superior  to  batteries  in  terms  of  its  specific  power.  Specific  power  is  a  measure  of  potential 
acceleration  and  maximum  speed  of  the  \ehicle. 

Current  advances  in  batter>-  technology  will  address  at  least  some  of  these  performance  and  cost 
disadvantages.  Mitsubishi  reports  that  they  are  developing  a  manufacturing  process  which  will  enable  them 
to  produce  a  Li-ion  batler>-  which  costs  40  per  cent  less  than  the  Sony-Nissan  Li-ion  batter>-.  Hydro  Quebec 
and  3M  are  at  the  pilot  plant  stage  of  developing  a  Li-poh-mer  batter>-  which  will  allow  a  vehicle  to  travel 
more  than  400  km  between  charging.  General  Motors  plans  to  offer  NiMH  batteries  as  well  as  the  current 
Pb-acid  battCTies  in  an  attempt  to  double  the  range  of  its  EVl  model  to  about  220  km  (Law,  1997). 

The  performance  diaractCTistics  for  several  existing  and  proposed  battCTies  for  EVs  are  summarized  in 
Table  2. 

Table  2  Short-Term.  Mid-Term  and  Long-Term  EV  Battery  Technologies 


Battery 

Manufacturer 

Speafic  Energy 

Specific  Power 

1 

Cycle  Life 

Pb-aad 

Electrosource 

41.5 

65 

900 

Li-ion 

Sonv-Nissan 

120 

150 

-  1.000 

Li-pohmer 

Hvdro  Quebec-  3M 

>200 

N/.\ 

>  1.000 

Nickel-metal 
hvdnde 

.\moisoshita-Toyoia 

80 

160 

>  1.000 

Nickel-metal 

hvdride 

GM-Ovonics  Batteiy 

Co. 

81 

158 

>  1.000 

A  disadvantage  of  any  type  of  battery  is  that  it  takes  more  time  to  recharge  than  it  does  to  fill  up  an  ICE 
vdiicle  with  gasoline.  E\ea  quick-charging  the  battery  of  an  EV  may  take  15  minutes. 

Climate  is  another  factor  which  affects  the  performance  of  batteries  in  EVs.  Electric  vehicles  cannot  be 
operated  year-round  in  most  parts  of  Canada  because  their  batteries  lose  significant  energy  capacity  during 
winter.  This  problem  can  be  overcome  by  an  on-board  thermal  battery  management  system  which 
maintains  an  acceptable  operating  temperature  for  the  battery  during  cold  weather  (Heath  et  ai,  1994). 
Thermal  battery  management  systems  generally  involve  reversible  heat  pumps  and  diesel-fired  heaters. 

Vehicular  parasitic  losses  in  cold  climate  conditions  also  may  reduce  the  range  of  current  dedicated  electric 
vehicles  by  60  -  80  per  cent  to  less  than  40  km  if  there  is  more  than  15  cm  of  snow.  These  parasitic  losses 
can  be  limited  to  15  -  20  per  cent  if  the  battery  pack  is  properly  insulated. 

Electromechanical  battaies  (EMBs),  commonly  known  as  flywheels,  also  might  be  used  to  address  some 
deficiencies  of  existing  battery  systems.  Electromechanical  batteries  are  high-speed  power  devices  which 
are  ideally  suited  to  load  levelling  a  drive  system.  The  specific  energy  of  EMBs  is  estimated  to  be  between 
500  -  600  Wh/kg.  but  their  major  benefit  is  a  power  density  of  between  5.000  - 10,000  W/kg.  This  would 
be  significantly  better  than  currently  available  battery  technologies. 

The  high  power  density  of  the  EMB  combined  with  the  high  energy  density  of  the  chemical  battery  in 
a  hybrid  dri\'e  system  could  thus  address  both  the  performance  and  range  requirements  of  the  EV. 
Electromechanical  batteries  however  have  yet  to  be  demonstrated  in  an  EV  apphcation  (Riezenman,  1992). 


4.  The  Stakeholders  and  Key  Client  Groups 

Legislation  and  not  normal  market  forces  has  created  the  recent  interest  and  increases  demand  for  ZEVs. 
The  most  significant  statute  is  that  enacted  by  the  California  Air  Resources  Board  (CARB)  in  1991  in 
response  to  severe  air  pollution  problems  in  the  state  and  notably  in  the  Los  Angeles  Basm.  While  this  law 
forces  automakers  to  produce  EVs,  it  does  not  compel  customers  to  buy  them. 

Automakers  and  the  oil  industry  particularly  argued  that  the  law  that  OEMs  must  seU  EVs  in  California  by 
1998  would  be  counterproducdve.  They  reasoned  that  consumers  would  not  buy  early  versions  of  the  EVs 
because  of  their  high  cost,  limited  range,  and  short  batter>'  life,  and  that  the  ultimate  market  acceptance  of 
EV  technology  would  be  compromised. 

In  March  1996.  CARB  re\ised  the  legislation.  The  Board  removed  the  reqiiirement  for  the  nxxlel  year  1998 
that  two  per  cent  of  new  vehicles  sold  must  be  EVs.  Instead  the  CARB  agreed  with  the  seven  large- volume 
OEMs  that  the  OEMs  would  each  produce  3,750  advanced-technology  demonstration  EVs  by  2003.  General 
Motors,  Chrysler,  Ford,  Toyota,  Nissan,  Honda  and  Mitsubishi,  each  of  whom  sell  annually  more  than 
35,000  vehicles  in  the  state,  wctc  covared  by  the  agreement  (Heath  et  ai,  1994). 

Table  3  highlights  the  proposed  implementation  schedule  for  ZEVs  in  California. 


Table  3 


California  Clean  Air  Standards  for  Zero-Emission  Vehicles 


Air 

QuaBr.-  Requirements 
"Emissions,  a/mik) 

Percentage  of  Vehicks  Sold  Meeting  Emissions  Standards 

HC 

NO, 

CO 

199S 

1999 

2000 

2001 

2002 

200? 

0.00 

0.0 

0,0 

0 

0 

0 

0 

0 

in          1 

This  revision  to  the  California  ZEV  law  raised  questions  for  the  states  of  New  York  and  Massachusetts  which 
had  adopted  the  original  legislation.  Massachusetts  has  since  adopted  the  revised  law.  New  York  state 
however  continues  to  mandate  that  two  per  cent  of  new  vehicles  sold  in  1998  must  be  EVs.  Financial  penalties 
will  be  mcurred  by  the  OEMs  if  this  level  is  not  niet. 

Texas  and  twelve  other  states,  mostly  in  the  northeast  and  mid- Atlantic  regions,  also  have  adopted  all  or 
part  of  the  CARB  rules.  These  states  buy  approximately  40  per  cent  of  the  cars  sold  in  the  United  States 
(Bedard,  1992).  Other  states  may  soon  follow. 

General  Motors,  Ford  and  Chrysler  while  opposed  to  the  CARB  ZEV  legislation  all  have  responded  by 
developing  prototype  or  concept  EVs.  General  Motors  is  aiming  for  the  retail  market  with  their  EVs,  while 
Ford  and  Chrysler  are  targeting  fleet  customers.  Many  smaller  OEMs  also  are  working  to  commercialize 
battery-powered  EVs. 

General  Motors  first  produced  EVs  in  1 9 1 6  when  GMC  Truck  built  a  number  of  electric  trucks  which  used 
Pb-acid  batteries.  In  the  1990s.  GM  introduced  the  two-seat  Impact.  The  Impact  is  a  purpose-built  EV 
which  uses  Pb-acid  batteries  and  AC  induction  motors.  The  model  which  is  now  known  as  the  EVl  can 
accelerate  comparably  to  an  ICE-powered  car.  It  can  go  from  zero  to  100  Lp.h.  in  about  8  seconds  and  it 
has  a  top  speed  of  over  160  k.p.h..  although  a  speed  governor  keeps  it  under  125  k.p.h..  The  range  of  the 
vehicle  at  90  LpJi.  is  approximately  105  km,  but  is  estimated  at  220  km  with  a  NiMH  battery. 

General  Motors  now  has  invested  more  than  $1  billion  in  the  EVl  which  is  built  at  the  company's  assembly 
plant  in  Lansing,  Michigan.  General  Motors  also  is  developing  EVs  in  Europe.  Additional  information  is 
contained  in  Appendix  A. 

The  EVl  is  the  first  vehicle  to  carry  a  General  Motors  designation  rather  than  of  one  of  the  company's 
marketing  divisions.  The  EVl  can  be  leased  through  twenty-six  Saturn  retailers  in  Los  Angeles,  San  Diego, 
Phoenix  and  Tucson.  WTien  it  was  first  available  in  December  1996,  the  coo^any  adopted  stringent  critCTia 
for  lessees  accepting  only  ten  per  cent  of  applicants. 

General  Motors  had  leased  only  176  EVl s  by  late  April  1997.  well  below  the  rate  at  which  they  could  be 
made.  GM  subsequently  reduced  the  monthly  lease  rate  by  25  per  cent  from  $715  to  $540,  and  now  aims 
to  lease  100  EVl  s  per  month.  It  will  also  pro\ide  refunds  to  existing  operators  of  the  EVl  (Law.  1997). 

The  reduced  cost  of  leasing  and  plans  to  install  NiMH  batteries  instead  of  Pb-acid  batteries  in  the  EVl 
comes  as  GM  faces  competition  from  Honda's  EV  Plus  and  the  RAV4-EV  from  Toyota. 

General  Motors  also  leases  to  commercial  fleets  an  electric  version  of  the  Chevrolet  S-10  which  uses  the 
same  technology  as  the  EVl .  Further  technical  and  performance  specifications  of  the  S- 1 0  are  outlined  in 
Table  1 .  The  company  also  recently  formed  a  business  unit  called  Delco  Propulsion  Systems  which  will 
market  EV  parts  and  propulsion  systems,  including  those  that  were  incorporated  into  the  EVl,  to  makers 
worldwide  of  cars,  buses  and  trucks. 

The  Ford  Motor  Company  offered  its  EV  named  the  Ecostar  on  a  30  month  lease  demonstration  program. 
The  Ecostar  was  based  on  the  company's  European  Escort  van  and  it  operated  on  NaS  batteries  coupled 
with  an  AC  induction  motor.  The  Ecostar  had  a  top  speed  of  approximately  120  Lp.h.  and  a  range  of  about 
160  km  in  mixed  urban-highwa>-  driving.  However  the  Ecostar  vehicle  fleet  was  saapped  at  the  end  of 
the  demonstration  program.  The  company  now  offers  the  Ranger  pickup  truck  which  is  built  as  an  EV. 
More  details  on  its  technical  and  pertormance  specifications  are  in  Table  1 .  The  Ford  EV  development 
program  also  is  based  in  Michigan. 


The  Chrysler  EPIC  is  based  on  the  Plymouth  Voyager  minivan.  The  EPIC  uses  Pb-acid  battCTies  and  a 
Westinghouse  AC -induction  motor.  The  EPIC  has  a  top  speed  of  approximately  105  k.p.h.  and  a  practical 
range  of  about  180  km.  GUders  for  the  model  will  be  manufactured  at  the  company's  minivan  plant  in 
Windsor  and  these  will  be  convoted  to  electric  propulsion  in  the  US. 

The  Japanese  OEMs  are  more  secretive  about  their  ZEV  programs.  They  have  demonstrated  various 
concept  cars,  but  their  models  for  the  California  market  have  been  cloaked  in  secrecy.  It  is  speculated 
that  the  vehicles  will  use  storage  systems  based  on  hydrogen,  such  as  fuel  cells,  or  ICEs  which  are  fuelled 
by  hydrogen. 

Honda  and  Toyota  do  have  EVs  which  are  already  available  commercially.  Honda's  EV-Plus  is  designed 
and  built  as  an  E"V  while  Toyota's  model  is  based  on  the  RAV4  sports  utility  vehicle.  Nissan  will  be 
introducing  an  electric  van  in  1998. 

Many  entirely  new  companies  also  are  emerging  as  potential  manufacturers  of  E'Vs  or  their  components. 
The  Big-Three  automakers  are  Ukely  to  buy  parts  from  secondary  manufacturers  or  they  could  sell  entire 
EVs  from  other  manufactures  imder  their  own  name. 

Peugeot  is  already  selling  EVs  in  Europe  and  it  is  the  OEM  which  is  probably  most  advanced  in  developing 
on-road  EVs  for  commercial  sale.  Peugeot  has  no  current  plans  to  sell  EVs  in  the  United  States  although 
other  OEMs  may  seek  to  "re-badge"  Peugeot  EVs  for  the  California  market. 

US  Electricar  once  offered  convCTted  GEO-Prizms  and  Chevrolet  S-10  pickups  as  EVs  for  about  $54,000. 
The  company  now  converts  commercial  vehicles  such  as  postal  delivery  trucks  to  operate  as  EVs. 
Solectria  Corporation  of  Wilmington.  Massachusetts,  founded  in  1986,  plans  to  manufacture  about  20,000 
Sunrise  EVs  in  1998.  The  target  price  for  this  purpose-built,  all-composite  EV  will  be  under  $30,000. 
The  price  includes  the  Pb-acid  battery  (South  Coast  Air  Quality  Management  District,  1995).  Solectria  is 
also  converting  GEO  Metro  and  Chevrolet  S-10  pickup  trucks  for  operation  as  EVs.  Appendix  C  contains 
additional  information.  The  EVs  which  are  converted  by  Solectria  are  supplied  to  the  Canadian 
marketplace  by  Sirdo  Canada  Inc.  of  St.  Thomas,  Ontario. 

A  nimibCT  of  other  worldwide  EV  development  programs  are  highlighted  in  Table  1 . 

Many  automakers  are  individually  pursuing  their  own  programs  to  research  and  develop  batteries.  The  Big 
Three  US  automakers  along  with  the  US  Department  of  Energy  and  the  Electric  Power  Research  Institute 
formed  the  United  States  Advanced  Battery  Consortium  (US ABC)  in  1991  to  develop  advanced  batteries 
for  EVs  and  to  improve  their  performance  and  range.  The  consortium  has  an  overall  budget  of  $350  million 
and  its  objective  is  to  work  with  advanced  battery  developers  and  research  companies  to  produce  battery 
designs  which  can  compete  with  ICE  vehicles.  The  goal  is  to  develop  several  advanced,  long-tern  storage 
batter>'  technologies  (Heath  et  ai,  1994). 

Electric  vehicles  built  before  2000  primarily  will  use  battery  technologies  such  as  Pb-acid  and  NiMH. 
These  battery  technologies  meet  the  USABC  mid-term  goals  for  various  key  parameters  except  for  cost. 

A  group  of  lead  producers  and  four  battery  companies  formed  the  Advanced  Lead- Acid  Battery 
Consortium  (ALABC)  in  March  1992  to  research  and  develop  advanced  Pb-acid  batteries  for  EV 
applications  (Heath  et  ai,  1994). 

The  advanced  battery  development  goals  for  the  USABC  and  the  ALABC  are  outlined  in  Table  4. 


Table  4  United  States  Advanced  Battery  Consortium  /  Advanced 

Lead-Acid  Battery  Consortiiim  Technology  Development  Goals 


SlatL-ofT.-chnoloo              U                    Bj':-r.I%-, 
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80 
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Long-lenn                                 Li-pol\iner  or  Li-ion 
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NOTE:       •  Technology  de\'elopment  goals  of  the  Ad\-anced  Lead-Aad  Batier>'  Consortium  are  in  parenthesis. 
Specific  energy  is  a  measure  of  the  range  of  an  EV. 
Specific  power  is  a  measure  of  the  performance  (ie.  acceleration,  top  speed)  of  an  EV. 


American  Flywheel  Systems  of  Seattle.  Washington,  and  Flywheel  Energ>'  Systems  Inc.  of  Kanata.  Ontario, 
are  leaders  in  fly-wheel  research  and  development.  The  latter  company  is  currently  developing  a  1  kWh  high 
performance  flywheel  with  a  rotational  speed  of  between  45.000  and  50.000  rpm 

Norvik  Technologies  Inc.  of  Mississauga,  Ontario,  has  been  developing  a  fast  battery  charger  for  Pb-acid. 
NiFe.  NiCd  and  NiMH  batteries.  The  new  1 50  kW  charger  can  charge  a  battery-  from  complete  discharge 
to  95  per  cent  of  capacity  in  about  10  minutes.  Norvik  has  parmered  with  Chrysler  Corporation  for  the 
development.    Both  the  Chrysler  EPIC  and  the  Ford  Ranger  have  been  engineered  with  the  Norvik 
charger's  electronic  controller  as  an  integral  part  of  the  EV. 

Ontario  Hydro  is  one  utility  which  is  interested  in  EV  technology.  The  Chairman  of  Ontario  Hydro  in  1993 
stated  "Electric  vehicles  represent  a  very  logical  industrial  prospect  for  the  Pro\ince  of  Ontario,  which  is 
already  a  major  automobile  manufacturer.  It  also  makes  a  lot  of  sense  for  a  company  such  as  Ontario  Hydro 
to  be  interested  in  the  subject . . .  Widespread  use  of  electric  \ehicles  would  be  a  welcome  development  in 
terms  of  urban  air  pollution.  It  would  also  lead  to  a  more  efficient  use  of  Ontario  Hydro's  resources, 
because  the  batteries  used  for  these  vehicles  would  be  recharged  for  the  most  part  during  off-peak 
genCTating  periods." 

Ontario  Hydro's  current  position  is  to  monitor  the  development  of  EV  technology  although  it  is  not  a 
present  priority  for  them.  The  utility  is  waiting  for  a  strong  customer  demand  before  they  become  more 
proactive. 


5.  The  Impact  on  the  Environment 

Vehicles  are  major  emitters  of  VOCs  and  NO^.  Oxides  of  nitrogen  and  certain  VOCs  react  in  the  presence 
of  sunUght  to  form  ozone  which  contributes  to  smog.  Fifty  per  cent  of  VOCs  and  64  per  cait  of  NO,  from 
unnatural  sources  are  emitted  by  vehicles. 

Both  ozone  and  its  precursors  can  be  transported  over  long  distances.  In  fact  poor  air  quality  in  the 
Windsor-to-Comwall  corridor  is  primarily  due  to  the  transport  of  ozone  and  its  precursors  from  the  US. 
Emissions  in  the  US  must  therefore  be  reduced  before  the  levels  of  ozone  in  Ontario  will  be  lowered. 

An  exception  to  this  is  urban  areas  where  local  vehicles  may  be  the  most  significant  sources  of  NO,. 
Reduced  emissions  from  the  transportation  sector  would  directly  improve  air  quality.  The  transportation 
sector  also  is  responsible  for  seventy  six  per  cent  of  the  emissions  of  carbon  monoxide,  although  this 
pollutant  is  not  transported  over  long  distances. 

A  key  to  reducing  emissions  of  greenhouse  gases  also  is  to  shift  away  from  carbon-intensive  energy  sources. 
This  is  particularly  true  in  the  transportation  sector.  The  supply  in  Canada  of  relatively  "clean"  electricity 
from  the  variet}'  of  hydro,  nuclear  and  fossil-fuelled  generating  stations  means  that  EVs  could  reduce 
emissions  of  greenhouse  gases  per  vehicle  mile  travelled  by  60  per  cent  and  ozone-related  emissions 
conpletely  (Webb,  1993). 

While  EVs  are  considered  to  be  ZEVs  and  do  not  produce  emissions  at  the  point  of  use,  electricity  must  be 
generated  to  charge  their  batteries.  This  means  that  EVs  are  not  completely  pollution-free.  Emissions  from 
a  central  power  plant  source  however,  are  easier  to  control  than  from  thousands  of  individual  sources 
(Webb,  1993). 

The  introduction  of  EVs  in  Ontario  would  bring  significant  enviroiunental  benefit.  Annual  emissions 
from  the  transportation  sector  in  the  province  currently  total  630.000  tonnes  of  NO,,  390,000  tonnes  of 
hydrocarbons  (HC),  3.6  million  tonnes  of  CO.  and  48  million  tonnes  of  carbon  dioxide  (CO,,.  Replacing 
an  ICE  vehicle  with  an  EV  reduces  emissions  of  NO,  by  88. 1  per  cent,  hydrocarbons  by  93.9  per  cent, 
carbon  monoxide  by  99.6  per  cent  and  CO,  by  75.8  percent  (Heath  et  ai.  1994).  If  EVs  comprised  one 
percent  of  the  of  the  highway  transportation  vehicle  fleet  in  Ontario,  annual  emissions  would  be  reduced 
by  5,500  tonnes  of  NO,,  3,700  tonnes  of  HC,  35,900  tonnes  of  CO  and  363,800  tonnes  of  CO,. 


6.  The  Ekronomics  of  EVs 

The  OEMs  have  made  a  concerted  effort  to  develop  and  produce  a  viable  EV,  but  the  current  price  of  EVs 
is  uncompetitive  with  that  of  ICE-vehicles.  The  cost  to  estabhsh  the  infrastructure  to  support  the  wide  use 
of  EVs  also  is  a  major  factor.  The  South  Coast  Air  Quality  Management  District  in  1995  estimated  that  the 
United  States  would  need  to  invest  $15  billion  in  infrastructure  to  service  EVs  if  they  were  used  widely. 
As  some  time  will  elapse  before  EVs  gain  a  significant  share  of  the  market,  the  benefits  of  economics  of 
scale  would  not  be  realized  for  some  years. 

Electric  vehicles  would  however  be  cheaper  to  operate  on  a  daily  basis.  A  Light-duty  Vehicle  powered 
by  gasoline  which  is  driven  for  50,000  km  per  year  consumes  230  gigajoules  (GJ)  of  energy.  The  same 
vehicle  powered  by  electricity  annually  consumes  only  65  GJ.  This  165  GJ  of  energy  saved  is  equivalent 
to  4,560  hires  of  gasoline  worth  $2,370  (at  a  gasoline  cost  of  52  cents  per  hire).  Ontario  annually  would 
save  one  petajoule  of  energy  if  only  one  per  cent  of  the  current  provincial  on-highway  U"ansportation  fleet 
was  EVs. 


The  E\  Infrastructure 


7.1         Connections 

An  EV  must  connect  to  the  AC  power  grid  for  charging.  To  fully  charge  a  passenger  car  with  a  typical 
batter}'  capacity  of  about  25  kWh  in  8  hours  requires  a  connection  which  can  handle  more  than  3  kW. 
Fortimately  a  standard  220  V  /  30  A  line  easily  meets  this  need 

The  transfer  of  energy  from  the  power  grid  to  the  EV  can  be  by  ohmic  contact  or  magnetic  induction. 
Both  systems  are  very  safe.  Inducu\'e  charger  coupling  eliminates  exposed  conductors.  Ohmic  contact 
utiUzes  a  7-pin  connector  and  there  is  a  delay  of  10  seconds  before  any  current  is  passed  to  the  battery. 
The  flow  of  energ>  is  cut  off  within  3-millionths  of  a  second  of  disconnection. 

Which  charging  system  will  prevail  is  yet  to  be  determined.  General  Motors  utilizes  an  inductive 
technology  to  charge  the  battery  of  the  GM  EVl  and  the  Che%Tolet  S- 10  electric  pickup  truck.  Nissan  also 
has  adopted  the  inductive  technology.  Toyota  has  purchased  patents  for  both  inducti%'e  and  ohmic  contact 
technologies.  If  the  public  believes  that  ordinary  plugs  are  dangerous  and  inductive  chargers  are  safe, 
psychology  and  not  technology  ultimately  may  decide  the  issue  (Riezenman,1992). 


72        Quick-Charging 

Studies  of  driving  patterns  suggest  that  the  vast  majority  of  cars  daily  travel  no  more  than  40  km. 
Most  electric  vehicles  can  therefore  be  easily  charged  o\emight  at  their  home  base.  In  densely  populated 
cities  such  as  Toronto,  some  EVs  may  not  have  a  home  base  and  must  be  charged  at  public  charging 
stations  or  use  curbside  chargers. 

One  study  m  California  estimated  that  85  per  cent  of  pri\ately  owned  or  commercial  fleet  EVs  will  be 
charged  overnight  at  home.  An  additional  10  per  cent  of  vehicles  will  be  charged  through  opportunity 
charging.  Typical  sites  for  opportunity  charging  would  be  near  major  highways.  They  would  allow 
vehicles  to  be  trickle-charged  in  four  hours. 

Only  five  pCT  cait  of  cars  will  be  charged  in  mmutes  by  quick  diarging.  Most  expCTts  howevCT  agree  that 
it  will  be  difficult  to  sell  EVs  which  cannot  be  charged  in  minutes.  Although  they  may  not  use  the  feature 
ver>'  often,  people  will  want  to  know  that  they  can  quick  charge  their  EVs  if  needed 

To  fully  charge  an  EV  battery  from  near  depletion  in  15  minutes  requires  in  the  order  of  one  hundred 
kilowatts  of  power.  This  capacity  is  not  available  in  typical  homes.  Special  indusuial  quick  charge  stations 
will  be  needed  (Riezenman.  1992).  These  stations  will  buy  cheap  energy  during  off-peak  periods 
(e.g.  at  3c  per  kWTi).  store  it  in  an  underground  batter.'  storage  s>'Stem  (e.g.  using  Zinc  Bromine  battery 
system)  and  then  resell  it  to  day-time  customers  at  a  much  higher  cost  (e.g.  30g  per  kWh). 


13        Charging  Scenarios  Within  The  Existing  Utility  Infrastructure 

Four  possible  scaiarios  are  envisaged  for  charging  EVs;  home  charging,  workplace  charging,  opportunity 
charging  in  the  transportation  corridor,  and  oil  companies  becoming  energy  distribution  companies. 

The  diversity  of  load  will  allow  25  kWh  and  35  kWh  batteries  typically  found  in  EVs  to  be  opportunity 
trickle-charged  over  4  hours  or  convenience  trickle-charged  over  8  hours  in  electrically-heated  homes. 
The  existing  utility  infrastructure  in  residential  areas  however  will  not  accommodate  quick-charging  unless 
the  system  hardware  including  transformers  and  secondary  cables  is  upgraded  or  fewer  homes  are  served 
by  each  transformer. 

A  more  detailed  assessmmt  of  the  diffCTent  charging  scenarios  is  contained  in  Appendix  D. 

The  capacity  of  the  recharger  also  is  Umited.  To  recharge  a  typical  25  kWh  passenger  car  battery 
conq)letely  in  5  minutes  from  a  220  V  line  requires  more  than  1000  A. 

These  numbers  do  not  mean  that  electric  vehicles  are  impractical  or  impossible.  They  do  mean  that  the  role 
of  EVs  will  be  limited  until  batteries  are  substantially  improved.  Electric  vehicles  should  thus  initially  be 
promoted  as  local-delivCTy  vans  and  as  second  cars  to  be  used  for  short  trips  like  commuting  or  shopping. 

Smce  most  automobile  mileage  consists  of  such  trips  in  any  case,  EVs  might  be  more  accurately  regarded  as 
primary  vehicles.  An  ICE-vehicle  would  be  reserved  as  a  second  car  for  special  purposes  such  as  occasional 
long  trips. 

As  EVs  become  more  common,  utiUties  will  upgrade  the  infrastructure  in  existing  subdivisions  and  they 
will  design  facihties  in  new  subdivisions  to  accommodate  the  increased  load. 


7.4        Utility  Impact 

The  main  role  of  utilities  will  be  to  supply  electrical  energy  to  charge  EVs.  The  present  electricity  system 
can  meet  the  additional  demand  for  energy  if  most  EVs  are  charged  overnight.  More  generating  capacity 
may  be  needed  if  a  significant  number  of  EVs  are  charged  during  the  day  when  demand  is  already  higher. 


7.5        Demand-Side  Management 

Electric  vehicles  are  attractive  to  utilities  because  they  are  a  potential  user  of  electricity  during  off-peak 
hours  when  there  is  excess  genCTating  edacity. 

Utilities  are  examining  a  variety  of  demand  side  management  measures  to  promote  charging  during  these 
hours  and  to  discourage  it  during  peak  periods.  The  most  likely  is  a  special  rate  structure  for  operators 
of  EVs.  Time-of-day,  interruplible.  and  real-time  pricing  are  three  possible  options. 

Time-of-day  pricing  already  is  available.  It  encourages  night-time  charging  by  offering  a  substantially 
reduced  rate  to  users  during  off-peak  hours. 

An  interruptible  tariff  qualifies  customers  for  reduced  rates  by  allowing  the  utility  to  interrupt  charging 
during  periods  when  demand  for  electricity  by  other  users  is  greatest. 


Real-time  pricing  changes  the  rate  charged  on  an  hourly  basis  to  reflect  the  actual  cost  of  providing  the 
electricity.  The  rates  for  the  next  day  would  be  calculated  daily  and  electronically  communicated  to 
customers.  This  would  allow  customers  to  save  money  by  charging  their  vehicles  when  the  rate  is  lowest 
(Riezenman,  1992). 


7.6        Distribution 

Where  EVs  are  charged  will  determine  if  their  introduction  will  strain  distribution  faciMties.  Initial  buyers 
of  EVs  likely  will  be  relatively  affluent  people  who  live  in  communities  that  already  have  more  than 
adequate  service.  No  distribution  problems  are  anticipated  if  EVs  are  trickle-charged. 

Fleet  vehicles  pose  less  of  a  question  since  they  are  generally  not  purchased  on  impulse.  The  longer  lead 
time  gives  the  utihty  ample  opportunity  to  determine  what  if  any  action  to  take  (Canadian  Electrical 
Association,  1991). 

The  quick-diarge  option  presently  is  not  viable  regardless  of  who  buys  EVs  (Section  7.3  and  Appendix  C) 


8.  Hybrid  Electric  Vehicles 

The  inadequate  range  of  EVs  and  the  limited  infrastructure  to  charge  them  will  curb  immediate  demand 
by  the  public  for  EVs.  Electric  propulsion  may  be  encouraged  by  the  development  of  hybrid  vehicles  in 
which  a  battery  driven  electric  motor  is  augmented  by  a  engine  which  runs  on  gasoline  or  an  alternate  fuel. 
The  auxiliary  engine  could  be  operated  when  the  battery  is  depleted  or  when  driving  conditions  necessitate 
the  use  of  an  ICE. 

Toyota  Motor  Corporation  has  developed  such  an  advanced  hybrid  system  to  power  its  Tercel  model. 
The  model  is  called  the  Prius  and  its  hybrid  system  incorporates  a  high-efficiency  1.5  L  gasoline  engine 
and  an  EV  power  system  which  is  based  on  NiMH  batteries.  Toyota  estimates  that  the  hjtrid  vehicle 
will  emit  only  half  the  amount  of  carbon  dioxide  and  emissions  of  hydrocarbons,  carbon  monoxide,  and 
NO,  will  be  cut  by  about  90  per  cent  compared  to  a  normal  ICE  vehicle  (EVAA  Press  Release.  1997). 
The  hybrid  vehicle  is  commercially-available  in  J^an  and  Toyota  plans  to  begin  marketing  this  vehicle 
m  North  America  by  the  end  of  1998.  Toyota  is  currently  pushing  for  an  equivalent-to-ZEV  ruling  for  the 
Prius  hybrid.  Thehybrid  vehicle  does  however  currenUy  cost  $4 ,000  more  than  its  ICE  counterpart. 

Honda  and  Nissan  plan  to  offer  similar  hybrid  vehicles  starting  in  1998. 

Volvo  has  developed  a  hybrid  vehicle  which  it  has  dubbed  the  Emironmental  Concept  Car  (ECC). 
The  ECC  is  a  mid-size,  four-door  sedan  based  on  the  Volvo  850  model.  The  ECC  has  a  diesel-powered 
gas  turbine  engine  that  turns  a  high-speed  electric  generator.  The  generator  provides  voltage  directly  to 
an  electric  motor  at  highway  speeds.  Excess  power  is  used  to  charge  the  on-board  NiCd  battery  pack. 
The  ECC  weighs  1580  kg.  It  has  a  top  speed  of  175  k.p.h.  and  will  accelerate  from  zero  to  96  Lp.h.  in 
13  seconds.  The  ECC  when  powered  only  by  batteries  has  a  range  of  between  90  to  150  km  depending 
on  the  driving  conditions.  The  gas  turbine  generator  increases  the  range  to  670  km  (Kenzie,  March  1992). 

The  Ontario  Ministry  of  the  Environment  has  assisted  several  conpanies  including  Ontario  Bus  hidustnes  and 
Alupower  Canada  to  design  and  develop  proof -of-concept  hybrid  vehicles  and  ZEVs. 


9.  EV  Opportunities  for  Canada 

California  is  driving  the  development  of  the  EV  industry  in  North  America.  Air  pollution  is  not  as  severe 
in  Ontario,  but  automobiles  and  the  bximing  of  fossil  fuels  cause  much  of  the  pollution  which  threatens  the 
quality  of  the  urban  environment. 

Existing  EV  technology  however  greatly  limits  the  appeal  of  EVs  in  most  parts  of  Canada.  Vehicular 
parasitic  losses  particularly  when  there  is  significant  snowfall  reduces  the  driving  range  of  current  EV 
vehicles  by  up  to  80  per  cent  to  an  unacceptable  40  km  or  less.  Batteries  also  lose  significant  energy 
capacity  during  the  winter  months.  The  lone  market  opportunity  in  Canada  for  electric  vehicles  currently  is 
the  Vancouver  area  because  of  its  moderate  climate  and  the  support  for  EVs  by  the  provincial  govemnKnt. 

The  automobile  industries  in  Canada  and  the  US  however  are  fuUy  integrated.  Canadian  manufacturers  play 
a  major  role  in  the  production  of  cars  even  though  consumers  in  Canada  buy  only  8  per  cent  of  new  vehicles 
sold  in  North  America. 

To  design  vehicles  to  meet  unique  Canadian  emission  requirements  would  be  inefficient  and  would  raise 
the  cost  of  the  vehicle.  Adoptmg  the  US  cleaner  air  standards  demonstrates  a  commitment  to  addressing 
air  quahty  and  will  result  in  environmental  gains.  This  argues  for  the  continued  harmonization  of  Canadian 
vehicle  emission  standards  with  those  in  the  US  (Canadian  Council  of  Ministers  of  the  Environment  Report, 
1 995).  The  timetable  to  establish  acceptance  of  ZEVs  in  Ontario  and  other  parts  of  Canada  can  however  be 
adjusted  while  ZEVs  are  developed  which  are  more  technically  and  economically  viable. 

Meanwhile  there  is  an  opportunity  for  domestic  mdustry  to  develop  and  manufacttire  technology  or  to 
develop  component  parts  for  ZEVs  for  California  even  though  the  Big  Three  automakers  will  assemble 
most  of  the  EVs  in  the  United  States.  This  mcludes  opportunities  to  develop  and  manufacture  motors, 
motor  controllers,  batteries/fuel  cells,  charging  systems,  and  advanced  technologies  such  as  flywheels. 
The  manufacture  of  "gliders"  would  also  be  an  opportunity  for  domestic  branch  plants  of  the  Big  Three 
automobile  manufacturers. 

One  local  company  which  is  already  successful  in  the  ZEV  market  is  Norvik  Technologies  Inc.  of 
Mississauga,  Ontario.  Norvik  has  been  developing  a  fast  battery  charger  which  can  be  used  with  any 
battery  type.  The  goal  is  to  reduce  the  time  it  takes  to  charge  a  battery  from  complete  discharge  to 
95  per  cent  of  capacity  from  25  minutes  to  about  10  minutes.  Norvik  has  partnered  with  Chrysler 
Corporation  for  the  development.  The  Chrysler  EPIC  and  the  Ford  Ranger  have  been  engineered  with 
the  Norvik  charger's  electronic  controller  as  an  integral  part  of  the  EV. 

Oshawa  Prototype  Services  which  is  a  spm-off  division  of  General  Motors  of  Canada  Ltd.  has  developed  an 
epoxy  die  process  which  is  ideal  for  limited  number  production  runs.  The  GM  plant  in  Lansing,  Michigan, 
uses  the  epoxy  die  process  to  manufacture  parts  for  the  EVl .  Alcan  Aluminium  Ltd.  provides  the 
aluminum  for  the  EVl  program. 

Other  companies  within  Ontario  which  are  poised  to  take  advantage  of  the  wider  commercialization  of 
EVs  mclude  SRE  Controls  Inc.  of  Waterloo  who  manufacture  controllers,  and  Elettra  Technology  Inc.  of 
Hamilton.  Elettra  is  developing  a  broad  range  of  high  end  electric  motors  including  a  SCEM  for  use  in  EVs. 
The  company  was  founded  by  the  former  EV  motor  development  group  at  Westinghouse  Motor  Company 
of  Canada  Ltd. 

Sirdo  Canada  Inc.  of  St.  Thomas,  Ontario  sells  EV  cars  and  pickup  trucks  which  are  manufactured  by 
Solectria  Corporation. 
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10.        Suininar>'  and  Recommendations 

Opportunities  for  EVs  in  the  near  term  will  be  restricted  to  niche  markets  such  as  California  and  the  other 
southern  and  western  US  states.  Elsewhere  EVs  face  many  technical  and  economic  impediments  which  must 
be  addressed  before  they  are  accepted  in  the  global  marketplace.  These  barriers  include  lack  of  suitable 
infrastructure  and  its  mability  to  accommodate  different  battery  charging  scenarios,  and  limited  model 
availability  and  higher  capital  cost  of  EVs. 

The  lack  of  suitable  battery-manufacturing  facilities  is  particularly  identified  as  a  primary  inpediment  to  the 
mass  production  of  EVs.  Current  battery-manufacturing  plants  are  only  pilot  scale  (e.g.  S30  miUion  capital 
cost  per  plant),  with  each  plant  annually  making  less  than  5.000  batteries.  However,  mass-production  plants 
(e.g.  S5(X)  milhon  capital  cost  per  plant.)  should  be  operatmg  by  2(X)1  or  2002. 

Automobile  OEMs  wiU  need  to  diversify  the  range  of  available  EV  models  to  broaden  their  appeal  to 
consumers.  Otherwise  it  will  be  difficult  to  meet  the  requirement  that  10  per  cent  of  sales  of  new  vehicles  in 
Cahfomia  by  2(X)3  must  be  EVs.  As  an  illustration,  the  highly  popular  ICE  powered  Ford  Taurus  currently 
constitutes  only  2  per  cent  of  new  vehicle  sales  in  North  America. 

One  \iable  option  to  increase  acceptance  of  electric  propulsion  is  to  further  develop  the  hybrid  vehicle. 
Such  vehicles  could  be  powered  by  a  combination  of  fossil  fuel  and  electricity  or  they  could  utilize  an 
all-electric  system  by  coupling  a  flywheel  with  a  battery. 

The  lone  current  market  opportunity  in  Canada  for  electric  vehicles  is  the  Vancouver  area  because  of  its 
nxxlerate  climate  and  the  support  for  EVs  by  the  pro\incial  govemmenL  In  many  other  parts  of  North 
.America  the  viability  of  EVs  is  limited  by  currently  available  battery  designs  and  cUmate  considerations. 

Even  so  legislation  in  some  cold  chmate  states  demands  that  significant  quantities  of  EVs  are  sold  within  five 
years.  Massachusetts  mirrors  California  in  its  requirement  that  10  per  cent  of  sales  of  new  vehicles  in  the  state 
by  2003  must  be  EVs.  New  York  state  mandates  that  2  per  cent  of  new  vehicles  sold  in  1998  must  be  EVs. 

Electric  vdiicles  will  have  to  be  accepted  widely  in  cold  climate  areas  throughout  North  Araenc3L 
An  estimated  population  of  300  million  is  needed  to  sustain  a  viable  EV  automobile  industry,  yet 
seventy  per  cent  of  the  population  in  North  America  Uves  in  cold  climate  areas. 

Canada  should  move  to  harmonize  its  standards  for  air  quality  v^ith  those  of  the  US.  but  it  shoiild  not 
mandate  the  use  of  technologies  such  as  EVs  which  are  not  yet  ready  for  full  commercialization  and  which 
are  not  widely  accepted  by  the  consumer.  Canada  can  however  benefit  from  the  wide  introduction  of  EVs. 
Opportunities  to  develop  and  manufacture  motors,  motor  controllers,  batteries/fuel  cells,  charging  systems, 
flywheels  and  "gliders"  for  EVs  represent  significant  possibihties  for  domestic  mdustry.  The  1998  World 
Electric  Vehicle  Conference  in  Orlando.  Florida,  and  the  2000  conference  in  Montreal.  Quebec,  should  be 
significant  occasions  for  Canadian  manufacturers  to  demonstrate  their  expertise  in  EV  technologies. 
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APPENDIX  B         Ford  Ranger 
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APPENDIX  C         Solectria-Manufactured  Electric  Vehicles 


Electric  45)oor  Sedan 


nr-rj  -r  r 


Witii  over  one  million  miles  ofon-road  experience, 
Solectria  presents  the  Force  electric  sedan . . . 

V^ffiering  state-of-the-art  electric  vehicle  technology  in  a  safe, 
comfortable,  and  spacious  four-door  sedan,  the  Solectria  Force  is 
the  only  production  electric  sedan  that  met  all  of  the  grueling 
requirements  established  by  the  nationwide  electric  utility 
industry  and  U.S.  Department  of  Energ\'  coordinated  EV 
America  program.  Solectria  EVs  today  deliver  reliable 
performance  in  challenging  weather  and  geographic  conditions 
ranging  from  Arizona  to  Vermont 

The  Force  features  smooth,  whisper-quiet,  shift-free  operation, 
regenerati\'e  braking,  a  full-size  trunk,  and  a  convenient  onboard 
charger  requiring  only  a  standard  household  outlet.  A  Tri-Power 
Selector  facilitates  efficient  driving  and  maximizes  battery 
life,  while  an  optional  batter)'  thermal  management  system 
maintains  range  in  cold  weather  and  an  optional  Cabin  Preheat 
sv'Stem  warms  \'our  vehicle  before  you  dimb  in. 

Low-maintenance,  user-friendly,  and  cost-effective  Solectria 
electric  vehicles  make  a  positive  emironmental  statement 
without  sacrificing  personal  comfort.  Solectria  ...the  leader 
in  electric  vdiicle  technology. 

SOLECTRIA 

SOLECTRIA  CORPORATION 

68  Industrial  Way  ■  Wilmington,  MA  01887  USA 

508-658-2231  /  Fax  508-658-3224  /  ■vN-ww.solectria.com 


©Copyright  1996  by  Solectiu  Girporat 
Photo  01  Solectria  Force  by  Sam  C 


,  -Mi  rights  reserved.  Printed  in  USA. 
len  Photography.  Boston,  MA. 


VEHICLE  SPECIFICATIONS 


Svstem  Power  42  kW 

Length  164" 

Width  7Cr 

Height  56" 

Curb  Weight  .                 2460  lb 

Top  Speed  70  mph 

Efficienq'@45mph  137Whi/mi 

Acceleration;      0  -  30  mph  8  sec 

0-50mph  18sec 

Range               Standard  Lead  Add  50  nu  @  45  mph 
Optional  Ovonic  Nickel-Metal  Hydride     105  mi  @  45  mph 

STANDARD 

High-Efficiency  42kW  AC  Induction  Drive  System  with  Direct-Drive 
and  Regenerative  Braking,  Tn-Power  Selector,  Sealed  Maintei\ance-Free 
Battenes,  Dual  Airbags,  Power-.'Vssist  Brakes,  Electric  Heater/Defroster, 
12V  DC-CXZ  Converter,  Batter)'  Level  Gauge  (Digital  .Amp-Hour  Meter), 
Onboard  Batterv  Charger  (1.6kVV,'110\'.'\C  standard  for  Lead  Add  modd, 
3kW/220VAC  standard  for  NiMH),  Reclining  Qoth  Front  Bucket  Seats,  All- 
Season  Radial  Tires,  Exterior  Color  White  (unless  otherwise  noted),  Solectria 
Owner's  Manual 

OPTIONS 

AM/FM  Stereo  with  Cassette 

AM/FM  Stereo  with  CD 

Air  Conditioning  with  CFC-Free  Refrigerant 

Analog  Ammeter  or  Analog  Voltmeter 

Rear  VVindow  Defogger 

Cabin  Preheat 

ADDITIGNAL  GPTIQNS  (for  Lead  Add  Battery  model  only) 

Automatic  Battery  Thermal  Management  System  -  for  optimal  battery 

performance  and  life  in  cold-climate  conditions 
Onboard  Batter\'  Charger  Upgrade  to  3kW/220VAC,  3.5-Hour  Full  Recharge 


safe  DOT-Certified 

unibody 

construction 

lou^mlling- 
resistarKe  tires       roomy 
interior 
rear 
battery  pack 


forward  i  reverse 

controls  &  battery 

meter 


solar  max-power  12-volt  ^^ 

tracker  (opt.)       power  ^converter    ^^  ^ 

rack  &  pinion 
brushless       steering 
motor  \  \ 


UOV  automatic 
loall-plug  charger 


smgle  speed 
gearbox  (automatic) 


front  and  rear 

McPherson  strut 

suspension 


comfortable 
front  bucket  seats 

passive-restraint 
seat  belts 


electronic  motor 

controller  with 

regenerative  brakes 


E- 10  Electric  Fleet  Pickup 


\  €..g!tel^'S^r^riKl 
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With  over  one  million  miles  ofon-road 
experience,  Solectria  presents  the  E-10 
pickup  truck... 

V_/ffering  stateof-the-art  electric  vehicle  technology  in  a  safe 
and  comfortable  pickup  truck,  the  Solectria  £-10  met  all  of  the 
gmeling  requirements  established  by  the  nation VNide  electric 
utility  industr}-  and  U.S.  Department  of  Energy  coordinated 
EV  America  program. 

The  Solectria  £-10  features  smooth,  whisper-quiet,  shift-free 
operation,  regenerative  braking,  a  standard  size  hinged  bed, 
and  a  convenient  onboard  charger.  A  Tri-Power  Selector 
fedlitates  efficient  dri\'ing  and  maximizes  batterv'  life,  while 
an  optional  batter^'  thermal  n\anagement  system  maintains 
range  in  cold  weather.  Rapid  charging  is  available  with  the 
optional  Hughes  Inductive  Charging  Port. 

Solectria  EVs  have  earned  a  reputation  for  low  maintenance 
cost  and  high  reliability  in  fleet  operation.  They  deliver 
reliable  performance  in  challenging  weather  and  geographic 
conditions  ranging  from  Arizona  to  Vermont 

User-friendly  Solectria  EVs  make  a  positive  environmental 
statement  without  sacrificing  personal  comfort. 

Solectria  ...the  leader  in  electric  vehicle  technology. 


VEHICLE  SPECIFICATIONS 


System  Power 

64  kW 

Gradabilit}' 

28% 

Top  Speed 

70  mph 

Effidenc)'  @  45  mph 

230Whr/ini 

Acceleration,  0  -  30  mph 

7sec 

0-50  mph 

15  sec. 

Curb  Weight 

40501b 

Range  @  45  mph 

60  mi 

Payload 

5501b 

Standard  Equipment 

High-Effidency  AC  Induction  Drive  System  with  Direct-Drive  & 
Regenerative  Braking,  Tri-Power  Selector,  Sealed  Maintenance- 
Free  Lead  Add  Batteries,  Driver's  Side  Airbag,  Power-Assist 
Brakes,  Power  Steering,  Electric  Heater/Defroster,  12V  DC-DC 
Converter,  Battery  Level  Gauge  (Digital  Amp-Hour  Meter), 
Onboard  Batter\'  Charger  (3kW/220VAC),  Voltmeter,  Ammeter. 
All-Season  Radial  Tires,  Standard  Size  Bed,  Exterior  Color  White 
(unless  otherwise  noted),  Solectria  Owner's  Manual 

Optdons 

AM /EM  Stereo  with  Cassette 
Air  Conditioning  with  CFC-Free  Refrigerant 
Automatic  Batter}'  Thermal  Management  System 
Hughes  Inductive  Charging  Port 


Air  conditioner 
pump/compressor 


Air  conditioner  motor  controller 


AC  motor  controllers 


Battery  box 


Twin  AC 
induction  < 


Batten/  box 


SOLECTRIA 

SOLECTRIA  CORPORATION 

33  Industrial  Way  ■  Wilmington,  MA  01887  USA 

508-658-2231  /  Fax  508^58-3224  /  www.solectria.com 


/  Standard  size, 
unobstructed 
bed 
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APPENDIX  D         Assessment  of  Different  Charging  Scenarios 

The  following  analysis  assesses  the  ability  of  existing  transformers  and  secondary  cables  to  accommodate 
EVs. 


Assumptions: 


4000  ft-  homes  (80  per  cent  with  A/C,  50  per  cent  with  electrical  heating) 
5  homes  per  100  kilovolt-ampere  (kVA)  transformer  (20  kVA  per  home) 
maximimi  loading  on  transformer  is  140  per  cent  (28  kVA  per  home) 
demographics  of  such  a  subdivision  would  match  those  of  the  initial  EV  market 


Season 

Base  Load  (kW) 

A/C(kW) 

Electric  Heat 
(kW) 

Total  ** 
(kW) 

Summer 

3.5 

9.4*0.8 

0 

11.02 

Winter 

5.2 

0 

40  *  0.5 

25.2 

Winter  *** 

5.2 

0 

0 

5.2 

*  Based  on  information  provided  by  Mississauga  Hydro. 

**  Load  assimiptions  based  on  peak  demand  period.  E>uring  the  summer  months,  there  is 

approximately  17  kW  of  excess  capability.  During  the  winter,  the  excess  is  reduced  to 
approximately  3  kW. 

***        Winter  load  for  non-electrically  heated  home. 

After  9-10  pm,  the  base  load  demand  is  reduced.  HVAC  demand  is  assumed  to  remain  constant. 

Example  1:  Charging  a  25  kWh  battery 

15  minutes  (quick-charging)  requires  100  kW 

4  hours  (trickle-charging)  requires  6.25  kW 

8  hours  (trickle-chargiag)  requires  3.1  kW 
Example  2:  Charging  a  35  kWh  battery 

15  minutes  (quick-charging)  requires  140  kW 

4  hours  (trickle-charging)  requires  8.75  kW 

8  hours  (trickle-charging)  requires  4.38  kW 

Maximum  loading  per  transformer  is  28  kVA  per  home.  Quick-charging  is  not  viable  even  if  it  was  the 
only  load  on  the  system. 


READER  RESPONSE  FORM 

Electric  Vehicles 

Technology  Development  for  a  Cleaner  Environment 

1998 


We  value  your  comments.  By  completing  this  form  you  will  help  us  increase  our  understanding  of  how  we 
can  best  utilize  resources  and  provide  more  useful  information. 


Did  you  find  this  report  of  value  to  your  business  or  operation? 


2  What  part  of  the  report  did  you  find  most  useful? 


3  Are  there  technical  or  economic  issues  and  opportunities  not  identified  in  the  report?  If  so  please 

identify. 


4  Are  there  areas  in  the  report  we  can  improve? 


5  Any  other  comments  you  wish  to  share? 


Respondent's  name/organizationyaddress/phone  number 


Please  return  a  copy  of  this  Reader  Response  Form  by  Fax  or  mail  to  the  following  address: 

Ontario  Ministry  of  the  Environment 
Industry  Conservation  Branch 
2  St  Clair  Avenue  West,  14*  Floor 
Toronto,  Ontario      M4V  1 L5 

Tel:  (416)327-1253 
Fax:(416)327-1261 

Attn:  Gabriela  Teodosiu 


